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METHOD AND DEVICE FOR CALCULATING A 
TARGET SPEED FOR AN AIRCRAFT 

[0001] The present invention relates to a method and a 
device for calculating at least one target speed for an aircraft, 
in particular a military transport plane, Which is guided at 
said target speed along a ?ight plan exhibiting at least one 
time constraint. 

[0002] Within the framework of the present invention, the 
expression time constraint is understood to mean a con 
straint Which obliges the aircraft to get to a particular ?ight 
point at a predetermined time. 

[0003] Generally, to carry out such a method, the succes 
sion of folloWing steps is implemented repeatedly: 

[0004] a) the actual time at Which the aircraft gets to 
said particular ?ight point is determined, taking 
account of the current target speed; 

[0005] b) a time interval corresponding to the difference 
betWeen said predetermined time and said actual time 
is calculated; 

[0006] c) this time interval is compared With a duration 
of comparison; and 

[0007] d) said target speed is updated, Which is applied 
to the aircraft, as soon as said actual time interval 
becomes greater than said duration of comparison. 

[0008] Such a standard method of calculation (and of 
updating) of the target speed generally entails a quasi 
permanent updating of said target speed, in particular by 
virtue of incessant variations of internal and external (to the 
aircraft) parameters, Which are used in a standard manner for 
this calculation, such as the characteristics of the Wind in 
particular. This is all the more true as the duration of 
comparison is generally reduced and most often corresponds 
to a feW seconds of ?ight. 

[0009] This knoWn method therefore requires an appre 
ciable calculation ability and especially entails a permanent 
?uctuation of the target speed, this being very penaliZing, 
since: 

[0010] on the one hand, this ?uctuation entails a drop 
in comfort of the passengers of the aircraft, Which is 
?oWn at said target speed; and 

[0011] on the other hand, any ?uctuation gives rise to 
the need to update other prediction parameters Which 
depend on said target speed. 

[0012] An object of the present invention is to remedy 
these draWbacks. It relates to a method of calculating (and 
of updating) at least one target speed for an aircraft Which is 
guided at said target speed along a ?ight plan exhibiting at 
least one time constraint Which constrains the aircraft to get 
to a particular ?ight point at a predetermined time, Which 
method makes it possible to considerably reduce the number 
of updates of the target speed. 

[0013] For this purpose, according to the invention, said 
method according to Which: 

[0014] a) the actual time at Which the aircraft gets to 
said particular ?ight point is determined, taking 
account of the current target speed; 
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[0015] b) a time interval corresponding to the difference 
betWeen said predetermined time and said actual time 
is calculated; 

[0016] c) this time interval is compared With a duration 
of comparison; and 

[0017] d) said target speed is updated, Which is applied 
to the aircraft, if said time interval is greater than said 
duration of comparison, is noteWorthy in that the actual 
distance betWeen the 

[0018] current position of the aircraft and said particular 
?ight point is determined, and in that said duration of 
comparison is variable and depends on said actual 
distance in such a Way as to decrease at least in part 
When said actual distance decreases. 

[0019] Thus, by virtue of the variation of the duration of 
comparison, as a function of the actual distance, the number 
of updates of the target speed is reduced. Moreover, updat 
ing is carried out only When it is actually necessary. Spe 
ci?cally, When the aircraft is far from the particular ?ight 
point subject to said time constraint, provision is made for 
a bigger comparison distance (in general several tens of 
seconds), Which has the consequence of relaxing the limit 
Which triggers the updating of said target speed and there 
fore reduces the number of updates. On the other hand, When 
the aircraft is approaching said particular ?ight point, the 
limit Which triggers the update is tightened (in general to a 
feW seconds, as in the aforesaid standard method) in such a 
Way as to carry out all the necessary updates, so that the 
aircraft does indeed reach said particular ?ight point at said 
predetermined time (doing so to Within a very small margin). 

[0020] Advantageously, When said actual distance: 

[0021] is greater than a ?rst distance, said duration of 
comparison exhibits a ?rst constant value; 

[0022] is less than a second distance Which is less 
than said ?rst distance, said duration of comparison 
exhibits a second constant value Which is less than 
said ?rst constant value; and 

[0023] lies betWeen said ?rst and second distances, 
said duration of comparison varies progressively 
from said ?rst constant value to said second constant 
value. 

[0024] 
[0025] said second distance corresponds to the dis 

tance traveled by the aircraft over a predetermined 
duration at maximum speed; and/or 

In this case, advantageously: 

[0026] When said actual distance lies betWeen said 
?rst distance and a third distance Which is greater 
than said ?rst distance, said duration of comparison 
corresponds to said ?rst value and When said actual 
distance is greater than said third distance, said target 
speed is not updated. 

[0027] In a preferred embodiment, said duration of com 
parison varies as a function of said actual distance: 

[0028] along a ?rst convergence curve, When the 
aircraft has to decelerate; and 

[0029] along a second convergence curve, When the 
aircraft has to accelerate, said ?rst and second con 
vergence curves forming a cone of convergence. 
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[0030] Preferably, said cone of convergence is asymmet 
ric, that is to say exhibits at least in part different values 
depending on Whether the aircraft is late or early With 
respect to the time constraint. This characteristic makes it 
possible to take account of the different abilities of the 
aircraft to accelerate and to decelerate, respectively. 

[0031] Advantageously, at least one of the parameters 
de?ning said cone of convergence depends at least on one of 
the folloWing characteristics: 

[0032] 
[0033] 
[0034] the type of said ?ight plan (for example a 

?ight plan for a ?ight at loW altitude). 

the ability of the aircraft to accelerate; 

the ability of the aircraft to decelerate; and 

[0035] Moreover, according to the invention, in step d), 
after an updating of the target speed, at least one prediction 
parameter (such as the quantity of fuel available for 
example), is also updated using said target speed thus 
updated. 
[0036] The present invention also relates to a device for 
calculating at least one target speed for an aircraft Which is 
guided at said target speed along a ?ight plan exhibiting at 
least one time constraint Which constrains the aircraft to get 
to a particular ?ight point at a predetermined ?ight time. 

[0037] According to the invention, said device of the type 
comprising: 

[0038] ?rst means for determining the actual time at 
Which the aircraft gets to said particular ?ight point, 
taking account of the current target speed; 

[0039] second means for calculating a time interval 
corresponding to the difference betWeen said prede 
termined time and said actual time; 

[0040] third means for comparing this time interval 
With a duration of comparison; and 

[0041] fourth means for updating said target speed, 
Which is applied to the aircraft, if said time interval 
is greater than said duration of comparison, is note 
Worthy in that it moreover comprises: 

[0042] ?fth means for determining the actual distance 
betWeen the current position of the aircraft and said 
particular ?ight point; and 

[0043] sixth means connected to said third means, for 
determining said duration of comparison Which is 
variable and Which depends on said actual distance 
in such a Way as to decrease at least in part When said 
actual distance decreases. 

[0044] Additionally, advantageously: 

[0045] said device moreover comprises seventh 
means for updating at least one prediction parameter, 
using an updated target speed; and/or 

[0046] said fourth means provide for the keeping of 
the aircraft slightly early, so as to maintain a margin 
for the calculation. 

[0047] The ?gures of the appended draWing Will elucidate 
the manner in Which the invention may be embodied. In 
these ?gures, identical references denote similar elements. 
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[0048] FIG. 1 is the schematic diagram of a device in 
accordance With the invention. 

[0049] FIGS. 2 to 5 are graphs shoWing convergence 
curves for a full explanation of the present invention. 

[0050] The device 1 in accordance With the invention and 
represented diagrammatically in FIG. 1 is intended to cal 
culate at least one target speed VC for an aircraft A, in 
particular a military transport plane, Which is guided at said 
target speed VC along a ?ight plan exhibiting at least one 
time constraint Which constrains said aircraft A to get to a 
particular ?ight point P0 at a predetermined time T0. 

[0051] Said calculation device 1 Which is, for example, 
integrated into (or associated With) a ?ight management 
system of FMS type on board the aircraft A, comprises in 
standard fashion: 

[0052] means 2 for determining the actual time Teff at 
Which the aircraft A gets to said particular ?ight point 
P0, taking account of the current target speed VC; 

[0053] means 3 Which are connected by a link 4 to 
said means 2, for calculating a time interval At 
corresponding to the difference betWeen said prede 
termined time T0 and said actual time Teff and such 
that At=T0—Teff. Thus, When At is positive (that is to 
say When T0 is greater than Teff), the aircraft A is 
early With respect to said predetermined time T0 
(since under the current conditions it gets to the 
particular point P0 at a time Teff Which is less than 
said time T0) so that said aircraft A must then 
decelerate to be able to comply With said time 
constraint. On the other hand, When At is negative 
(and T0 is less than Teff), the aircraftAis late and has 
to accelerate if it Wants to comply With the time 
constraint; 

[0054] means 5 Which are connected by a link 6 to 
said means 4, for comparing this time interval At 
With a duration of comparison DC; 

[0055] means 7 Which are connected by a link 8 to 
said means 5, for updating in standard fashion said 
target speed VC Which is applied to the aircraft A, if 
said actual time interval At is greater than said 
duration of comparison DC. Said means 7 can trans 
mit the target speed VC thus updated, With the aid of 
a link 9A, to user devices (not represented). 

[0056] According to the invention, said device 1 moreover 
comprises: 

[0057] means 10 for determining the actual distance 
deff betWeen the current position P1 of the aircraftA 
and said particular ?ight point P0; and 

[0058] means 11 Which are connected by a link 12 to 
said means 10, for determining (according to a 
particular manner in accordance With the invention) 
said duration of comparison DC and for transmitting 
it by a link 13 to said means 5. More precisely, 
according to the invention, said duration of compari 
son DC is variable and depends on said actual 
distance deff in such a Way as to decrease at least in 
part When said actual distance deff decreases, as 
speci?ed hereinbeloW. 
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[0059] By virtue of the calculation of the duration of 
comparison DC and of its variation as a function of the 
actual distance deff, as speci?ed hereinbeloW, the number of 
updates of the target speed VC is reduced. 

[0060] Moreover, the update is carried out only When it is 
actually necessary. 

[0061] Speci?cally, When the aircraft A is far from said 
particular ?ight point P0 subject to said time constraint, said 
comparison distance DC is bigger, this having the conse 
quence of relaxing the limit Which triggers the update. On 
the other hand, When the aircraft A is approaching said 
particular ?ight point P0, said limit Which triggers the update 
is tightened in such a Way as to be able to carry out all the 
necessary updates. 

[0062] Moreover, said means 2 determine the actual time 
Teff at Which the aircraft A gets to said particular ?ight point 
P0, With the aid of the target speed VC calculated or updated 
previously and received from said means 7 via a link 9B, and 
With the aid of said actual distance deff betWeen the current 
position P1 of the aircraft A and said particular ?ight point 
P0, received from said means 10 via a link 14. 

[0063] Furthermore, said means 11 determine the duration 
of comparison Which is used by the means of comparison 5, 
on the basis of a chart: 

[0064] Which is represented in FIGS. 2 to 5; 

[0065] Which is predetermined; 

[0066] Which comprises convergence curves C1 and 
C2 indicating values of duration of comparison DC 
as a function of values of actual distance deff; and 

[0067] Which is recorded in a database 15 connected 
by a link 16 to said means 11, as Well as on the basis 
of said actual distance deff received from said means 
10. 

[0068] As may be seen in FIG. 2, at an actual distance 
deff1 from said particular ?ight point P0, the time interval 
At1 is less than the duration of comparison DC (so that no 
update of the target speed VC is necessary), this being so up 
to an actual distance deff2, at Which such an update must be 
carried out, otherWise said time interval At1 Would become 
greater than said duration of comparison DC. FolloWing this 
update, a time interval At2 Which requires no further update 
until said particular ?ight point P0 (Where deff is Zero) is 
obtained. 

[0069] FIG. 3 illustrates a situation similar to that of FIG. 
2, With permanent and very strong gusts of Wind, depicted by 
an arroW 17 and Whose effect is to make the time interval At 
rapidly increase so that successive updates are necessary at 
distances deff3, deff4 and deff5, up to said particular point 
P0. 

[0070] Of course, the Wind gusts may have the conse 
quence that the aircraft A is either early, or late, With respect 
to the time constraint. This is Why provision is made for tWo 
convergence curves C1 and C2, as represented in FIG. 4. 
The convergence curve C1 corresponds to the case Where the 
aircraft A has to decelerate and the convergence curve C2 
corresponds to the case Where the aircraft A has to acceler 
ate, so as to comply With said time constraint. They therefore 
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correspond to different signs of the time interval At (positive 
sign for the convergence curve C1, negative sign for the 
convergence curve C2). 

[0071] The tWo convergence curves C1 and C2 form a 
cone of convergence 18. 

[0072] Thus, as may be seen in FIG. 4: 

[0073] ?rst gusts of Wind 17A may entail an updating 
of the target speed VC at a distance deff 6, such that 
the aircraft A has to decelerate; and 

[0074] second gusts of Wind 17B may entail updates 
of the target speed VC at distances deff7 and deff8, 
such that the aircraft A has to accelerate. 

[0075] In a preferred embodiment, said cone of conver 
gence 18 is such that When said actual distance deff: 

[0076] is greater than a ?rst distance d1, said duration 
of comparison DC eXhibits a ?rst constant value 

DC1A, DC1B; 
[0077] is less than a second distance d2 Which is less 

than said ?rst distance d1, said duration of compari 
son DC eXhibits a second constant value DC2A, 

DC2B; and 

[0078] lies betWeen said ?rst distance d1 and said 
second distance d2, said duration of comparison DC 
varies progressively from said ?rst constant value 
DC1A, DC1B to said second constant value DC2A, 
DC2B. The discrepancy betWeen d1 and d2 is pref 
erably appreciable, so as to avoid overly abrupt 
changes of the limits of comparison. 

[0079] Said second distance d2 preferably corresponds to 
the distance traveled by the aircraft A over a predetermined 
duration, for eXample 2 minutes, at maXimum speed. This 
second distance d2 de?nes the limit, onWards of Which the 
time constraint must be fully complied With by the aircraft 
A. 

[0080] Furthermore, in a particular embodiment, When 
said actual distance deff lies betWeen said ?rst distance d1 
and a third distance d3 Which is greater than said ?rst 
distance d1, said duration of comparison corresponds to said 
?rst value DC1A, DC1B, and, When said actual distance deff 
is greater than said third distance d3, the device 1 does not 
update said target speed VC since the aircraft A is still too 
far from the particular ?ight point P0. 

[0081] By Way of illustration, for eXample When the ?ight 
plan comprises a ?ight trajectory at loW altitude, the fol 
loWing values can be used: 

[0082] d1=150 NM (nautical mile), around 278 km 
(kilometers); 

[0083] d2=10 NM, around 18 km; 

[0084] d3=200, around 370 km; 

[0085] DC2A=5 seconds; and 

[0086] DC2B=5 seconds. 

[0087] Moreover, in a preferred embodiment, said cone of 
convergence 18 is asymmetric, as represented in FIGS. 4 
and 5, that is to say it takes account of different values 
depending on Whether the aircraft A is late or early With 
respect to the time constraint. Thus, the ?rst constant values 
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DC1A and DC1B take different values, for example respec 
tively 60 seconds and 30 seconds. This last characteristic 
makes it possible to take account of the different abilities of 
the aircraft A to accelerate (convergence curve C2) and to 
decelerate (convergence curve C1). An acceleration is of 
course more dif?cult to achieve and more expensive than a 
deceleration. 

[0088] Additionally, at least one of the parameters de?n 
ing said cone of convergence 18 depends at least on one of 
the folloWing characteristics: 

[0089] 
[0090] 
[0091] 

[0092] Additionally, the device 1 in accordance With the 
invention moreover comprises means 19 Which are con 
nected by a link 9C to said means 7, for updating at least one 
prediction parameter (such as the quantity of fuel available 
on board the aircraft A at said particular ?ight point P0), 
using the updated target speed VC. 

the ability of the aircraft A to accelerate; 

the ability of the aircraft A to decelerate; and 

the type of ?ight plan. 

[0093] The device 1 in accordance With the invention is 
particularly Well suited to use on an aircraft A ?ying along 
a ?ight plan Which exhibits at least one ?ight section at loW 
altitude, since, in such a case, an update of the target speed 
VC entails on each occasion an update of the vertical 
trajectory of said ?ight section at loW altitude, this requiring 
a high calculation ability and a high calculation time. 
Consequently, the reduction obtained by virtue of said 
device 1 in the number of updates is very bene?cial in this 
application. 
[0094] Preferably, in such an application, the aircraft A is 
kept slightly early so as to maintain a margin for the 
calculation, in case of updating of said target speed VC 
Which entails an updating of the vertical trajectory. To do 
this, the folloWing expression can be used: 

[0095] VCcommand=VC theoretical+AVC, When the 
distance deff is greater than or equal to the distance d2, 
in Which AVC represents a predetermined value Which 
is dependent on the characteristics of the aircraft and 
Which is chosen preferably in the interval [1 NM; 5 
NM] (around [1.8 km; 9 

1. Amethod of calculating at least one target speed for an 
aircraft (A) Which is guided at said target speed along a ?ight 
plan exhibiting at least one time constraint Which constrains 
the aircraft (A) to get to a particular ?ight point at a 
predetermined time, according to Which method: 

a) the actual time at Which the aircraft (A) gets to said 
particular ?ight point is determined, taking account of 
the current target speed; 

b) a time interval (At) corresponding to the difference 
betWeen said predetermined time and said actual time 
is calculated; 

c) this time interval (At) is compared With a duration of 
comparison (DC) Which is variable and Which depends 
on the actual distance (deff) betWeen the current posi 
tion (P1) of the aircraft (A) and said particular ?ight 
point in such a Way as to decrease at least in part When 
said actual distance (deff) decreases; and 
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d) said target speed is updated, Which is applied to the 
aircraft (A), if said time interval (At) is greater than said 
duration of comparison (DC), 

Wherein said actual distance (deff) betWeen the current 
position (P1) of the aircraft (A) and said particular 
?ight point is determined, and Wherein said duration of 
comparison (DC) varies as a function of said actual 
distance (deff): 

along a ?rst convergence curve (C1), When the aircraft 
(A) has to decelerate; and 

along a second convergence curve (C2), When the aircraft 
(A) has to accelerate, said ?rst and second convergence 
curves (C1, C2) being different and forming a cone of 
convergence (18) Which is asymmetric and Which 
exhibits at least in part different values depending on 
Whether the aircraft (A) is late or early With respect to 
the time constraint. 

2. The method as claimed in claim 1, 

Wherein, When said actual distance (deff): 

is greater than a ?rst distance (d1), said duration of 
comparison (DC) exhibits a ?rst constant value 
(DC1A, DC1B); 

is less than a second distance (d2) Which is less than 
said ?rst distance (d1), said duration of comparison 
(DC) exhibits a second constant value (DC2A, 
DC2B) Which is less than said ?rst constant value 
(DC1A, DC1B); and 

lies betWeen said ?rst and second distances (d1, d2), 
said duration of comparison (DC) varies progres 
sively from said ?rst constant value (DC1A, DC1B) 
to said second constant value (DC2A, DC2B). 

3. The method as claimed in claim 2, 

Wherein said second distance corresponds to the 
distance traveled by the aircraft (A) over a predeter 
mined duration at maximum speed. 

4. The method as claimed in claim 2, 

Wherein, When said actual distance (deff) lies betWeen 
said ?rst distance (d1) and a third distance (d3) Which 
is greater than said ?rst distance (d1), said duration of 
comparison (DC) corresponds to said ?rst value 
(DC1A, DC1B), and Wherein, When said actual dis 
tance (deff) is greater than said third distance (d3), said 
target speed is not updated. 

5. The method as claimed in claim 1, 

Wherein at least one of the parameters de?ning said cone 
of convergence (18) depends at least on one of the 
folloWing characteristics: 

the ability of the aircraft (A) to accelerate; 

the ability of the aircraft (A) to decelerate; and 

the type of said ?ight plan. 
6. The method as claimed in claim 1, 

Wherein in step d), after an updating of the target speed, 
at least one prediction parameter is updated using said 
target speed. 

7. The method as claimed in claim 1, for an aircraft Whose 
?ight plan exhibits at least one ?ight section at loW altitude, 
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wherein in step d), after an updating of the target speed, 
the vertical trajectory of said ?ight section at loW 
altitude is updated, and Wherein the aircraft (A) is kept 
slightly early so as to maintain a margin for the 
calculation. 

8. A device for calculating at least one target speed for an 
aircraft (A) Which is guided at said target speed along a ?ight 
plan exhibiting at least one time constraint Which constrains 
the aircraft (A) to get to a particular ?ight point at a 
predetermined time, said device (1) comprising: 

?rst means (2) for determining the actual time at Which 
the aircraft (A) gets to said particular ?ight point, 
taking account of the current target speed; 

second means (3) for calculating a time interval (At) 
corresponding to the difference betWeen said predeter 
mined time and said actual time; 

third means (5) for comparing this time interval (At) With 
a duration of comparison (DC) Which is variable; and 

fourth means (7) for updating said target speed, Which is 
applied to the aircraft (A), if said time interval (At) is 
greater than said duration of comparison (DC), 

Which moreover comprises: 

?fth means (10) for determining the actual distance (deff) 
betWeen the current position (P1) of the aircraft (A) and 
said particular ?ight point; and 
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siXth means (11) connected to said third means (5), for 
determining said duration of comparison (DC) Which 
depends on said actual distance (deff) in such a Way as 
to decrease at least in part When said actual distance 
(deff) decreases and Which varies along a cone of 
convergence (18) Which is asymmetric and Which 
exhibits at least in part different values depending on 
Whether the aircraft (A) is late or early With respect to 
the time constraint. 

9. The device as claimed in claim 8, 

Which moreover comprises seventh means (19) for updat 
ing at least one prediction parameter, using an updated 
target speed. 

10. The device as claimed in claim 8, Wherein said fourth 
means (7) provide for the keeping 

of the aircraft (A) slightly early, so as to maintain a margin 
for the calculation. 

11. An aircraft, 

Which comprises a device (1) such as that speci?ed under 
claim 8. 

12. An aircraft, 

Which comprises a device (1) able to implement the 
method speci?ed under claim 1. 

* * * * * 


